SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

METHOD AND CIRCUIT FOR 
OPTIMIZING POWER 
CONSUMPTION IN A FLIP-FLOP 

Cross Reference to Related Applications 

The present application is related to application Serial No. - 

(RPS920020090US1 /2491P), filed on even date herewith, and entitled "Circuit for 
preserving Data in a Flip-Flop and a Method of Use." 

Field of the Invention 

[0001] The present invention relates to logic circuits, and more particularly to a method 
and circuit for optimizing power consumption in a flip-flop. 

Background of the Invention 

[0002] Most VLSI designs have numerous flip-flops integrated within them. Typically, 

flip-flops are critical to the overall performance of this design. Conventional flip-flops 
are generally large, power hungry and a significant amount of time is spent optimizing 
their configuration. It is desirable therefore to minimize the power used by flip-flops 
in a circuit design. It is known that one way to save power is to shut off sections of the 
design. For example, one way to save power is to utilize clock gating to disable the 
clock when it is not used. Also, in an effort to save or minimize standby power, some 
designs have resorted to disabling non-used sections of the design from the power 
supply. However, disabling power supply generally results in a loss of stored data in 
the volatile memory elements. 

[0003] a solution for the problem of data loss during a standby mode is to transfer the 
data, or state of a latch, to an on-chip memory before the latch is disconnected from 
the power supply. Examples of on-chip memory include DRAM, SRAM, or Flash 
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memory. This enables the powering down of the latch to conserve power. This 
technique, however, requires an auxiliary device, i.e., the on-chip memory. 

[0004] Accordingly, what is needed is a method and circuit for optimizing power 

consumption in a flip-flop. The method and circuit should also be cost effective, save 
space, and easily implemented in existing circuit designs. The present invention 
addresses such needs. 

Summary of Invention 

[0005] A flip-flop is disclosed. The flip-flop includes a first latch for receiving at least 
one bit and a second latch coupled to the first latch for storing the at least one bit 
from the first latch. The size of the second latch is minimized to reduce power 
consumption. The flip-flop also includes a multiplexor coupled to the first latch and 
to the second latch for outputting the at least one bit from the first latch when a clock 
to the multiplexor is active and for outputting the at least one bit from the second 
latch when the clock is inactive. 

[0006] A system and method in accordance with the present invention optimize power 
consumption in a flip-flop through the use of a multiplexor for the output function. 
As a result, the size of the slave latch can be minimized, which reduces the overall 
power consumption of the flip-flop and its associated clock tree. 

Brief Description of Drawings 

[0007] FIG. 1 is a block diagram of a conventional master-slave flip-flop. 

[0008] FIG. 2A is a block diagram of a master-slave flip-flop in accordance with the 
present invention. 

[0009] FIG. 2B is a timing diagram showing the operation of master-slave flip-flop of FIG. 
2A. 

Detailed Description 

[0010] TI , ■ , , 

The present invention relates to logic circuits, and more particularly to a method 

and circuit for optimizing power consumption in a flip-flop. The following description 

is presented to enable one of ordinary skill in the art to make and use the invention 
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and is provided in the context of a patent application and its requirements. Various 
modifications to the preferred embodiment and the generic principles and features 
described herein will be readily apparent to those skilled in the art. Thus, the present 
invention is not intended to be limited to the embodiment shown but is to be 
accorded the widest scope consistent with the principles and features described 
herein. 

[001 1] FIG. 1 is a block diagram of a conventional master-slave flip-flop (FF) 8. The FF 8 

includes a master latch 10 and a slave latch 12. In operation, the master latch 10 
receives data (labeled "data"), a clock pulse CI , and a clock set pulse CI B. The slave 
latch 1 2 receives a clock pulse C2 and a clock set pulse C2B. The slave latch 1 2 
outputs the data (labeled "L2out"). The clock pulse CI is driven by a clock CI , and the 
clock pulse CI B is driven by a clock CI B. Similarly, the clock pulse C2 is driven by a 
clock C2, and the clock pulse C2B is driven by a clock C2B. 

[001 2] With regard to performance, there are set-up criteria for the master latch and 
launch criteria for the slave latch. The most performance critical objective of a 
slave configuration is the slave latch's launch time. The objective is to minimize the 
time needed to transfer data from the master latch 1 0 to the slave latch 1 2. Various 
latching configurations can be employed, but all generally use a write-thru-read 
approach. That is, the architecture of the slave latch 1 2 is such that it stores the 
incoming data while it is outputting the data. For more performance, the device sizes 
of the slave latch 12 are generally large enough to support high-speed data transfer. 
As such, the large device sizes result in increased capacitance and larger area, hence 
they consume more power. 

[001 3] FIG. 2A is a high-level block diagram of the FF 1 00 in accordance with the present 

invention. The FF 1 00 includes a master latch 1 1 0, a slave latch 1 12, and a 
multiplexor 1 1 4. As is seen, X, Y and Z nodes are identified. The actual configuration 
of the master latch 1 1 0 and the slave latch 1 1 2 can vary and will depend on the 
specific embodiment. In this embodiment, the multiplexor 1 1 4 is a shunt multiplexor. 

[0014] Because the slave latch 1 12 does not serve a performance-critical function, it can 

be implemented utilizing minimum sized devices. By minimizing the size of the 
devices within the slave latch, the leakage current and the operating current is 
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significantly reduced as compared to the larger conventional slave latch. As a result, 
the overall power consumption of the FF 1 00 is optimized. 

[001 5] FIG. 2B is a timing diagram showing the various signals of FF 1 00 of FIG. 2A. As is 
seen, clock CI is shown as a first waveform, clock C2 is shown as a second waveform, 
and data is shown as a third waveform. As is also seen, the waveforms of the X, Y and 
Z nodes are shown. Referring now to both FIGS. 2A and 2B together, when the data is 
received by the master latch 1 1 0, it is passed to node X when the clock CI goes high. 
The data is received by both the slave latch 1 12 and the multiplexor 1 14. Assuming 
the previous states of nodes Y and Z were a logical low, the state at both nodes Y and 
Z go high (shown in FIG. 2B AT 202 and 204, respectively) when the clock C2 goes 
high. As shown in the timing diagram, node Z changes at a significantly faster rate 
than does node Y. The signal at node Y changes at a slower rate than the signal at 
node Z because the slave latch 1 12 includes gates there within that consume less 
power since the slave latch utilizes all minimum devices. The slave latch 1 12 can be 
designed in this manner because it is not in the performance critical path. 

[0016] Accordingly, in a system and method in accordance with the present invention, the 
multiplexor 1 14 outputs data from the master latch 1 10 when the clock C2 is active. 
When clock C2 is inactive (C2B), the multiplexor 1 14 outputs data from the slave latch 
112. Therefore, in this embodiment, the multiplexor 1 14 receives data from the 
master latch 100 when the clock C2 clock is active. The multiplexor 1 14 outputs the 
data received from the master latch I/O 1 1 0 upon the clock C2 and provides the data 
from the slave latch 1 12 when the clock C2 is inactive (clock C2B). In so doing, the 
slave latch 1 1 2 is not part of the critical performance path of the FF 100 and its size 
can be minimized to reduce power consumption there within. 

[001 7] A system and method in accordance with the present invention optimize power 
consumption in a flip-flop through the use of a multiplexor for the output function. 
As a result, the size of the slave latch can be minimized, which reduces the overall 
power consumption of the flip-flop. 

[001 8] Although the present invention has been described in accordance with the 

embodiments shown, one of ordinary skill in the art will readily recognize that there 
could be variations to the embodiments and those variations would be within the 
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spirit and scope of the present invention. Accordingly, many modifications may be 
made by one of ordinary skill in the art without departing from the spirit and scope of 
the appended claims. 
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